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RESEARCHMEMORANDUM

EFFECTSOFVkRYINGTHESIZEANDLOCATIONOFTRAILING-EDGE

FLAT-TYPECONTROLSONTHEAERODYNAMICCHARACTERISTICS

OFANUNSWEPTWINGATA ~cH mm OF 1.9

ByMeadeH.Mitchell,Jr.

SUMMARY

An investigationhasbeenmadeintheLangley9- by 12-inchsuper-
sonicblowdowntunnelata Machnumberof 1.9 snda Reynoldsnumber
of2.3x 106to determinetheeffectsof flapsizeandlocationonsm
unsweptsemispanwingincombinationwitha half-fuselage.Thewinghad
anaspectratioof2.5, a taperratioof0.625,and6-percent-thick
modifieddouble-wedgeairfoilsections.Flapconfigurationsincluded
25-,35-,andh5-percent-chordplainflapsofvariousspanslocatedat
variousspanwisestations.

Thevaluesofrolling-momentcoefficientandtheincrementsin lift
coefficientcausedby flapdeflectionvsriedlinearlywithflapdeflection
foreachflapconfigurationsndwereaboutadditiveforadjacentflap-
spansegments.Therateof changeintherolling-effectivenessparam-
eter CZ8 withflapspan,broughtaboutby progressiveremovalofthe —

outboardendoftheflap,decreasedslightlyasthespsmdecreased.A
slightincreasewasnotedintherateofchangeof Czb

withflapchord.
asthechordincreased.

Formostconfigurations,theorypredictedthetrendsinflapcharac-
teristicsas influencedW Ch=vwin Chordjs~~) ad Wmwiselocation .
oftheflaps;however,theoreticaleffectivenessvalueswerehigherth~.
theexperimentalresultsby 10to 30percentforrollingmomentandO
to 30percentforEft andpitchingmoment.Forflapslocatedadjacent
tothefuselage,thecalculatedeffectivenesssometimesfellbelowexperi”- ‘
ment,probablybecausetheorydidnotconsidertheincreasedrateofflow
nesrthefuselage.

“--’%fE
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INTRODUCTION .

Generaltrendsofcontrolcharacteristicsat supersonicspeeds-cannot
alwaysbe predictedby simpletheory.As m.exampleo~theunexpected,
thetestresultsat supersonicspeedsofreference1 haveshown’that,
forat leastonesetofdesignconditions,thelocationofa constant-
spantrailing-edgeaileronshouldbemovedinboardasme wingis swept-
backin orderto achievemaximumrollingeffectiveness.Suchinformation
pointsouttheneedfordetailedexperimentalinformationconcerningthe
optimumsizemd locationof supersoniccontrolsurfaces,especiallyas
affectedby winggeometryandMachn~ber. An experimentalinvestigation
hasthereforebeenstartedintheLangley~-”by12-iric~supersonicb“low-
downtunnelto studytheeffectsof someofthedesi@psmmeterson
controleffectiveness. —

As partofthisinvestigation,severalflap-typecontrolarrangements
havebeentestedon anunsweptsemispanwinginthepresenceof a fuselage.
Thewinghadanaspectratioof2.5,a taperratioof0;625,and6-percent-
thickmodifieddouble-wedgeairfoilsections.Thechoftlssm.dspansof
theflapsvariedfrom25to 45percentof thewingchorrandfrom25to
7’5Percentofthewingsemispan,respectively,andweretestedatvarious
spanwiselocations.Theinvestigationw s c~riedoutat a Machnumber

2of 1.9anda Reynoldsnumberof2.3x 10 throughanglesof attack
v~ing tiom-2°to 4°. Flapsweredeflectedfrom0° to 15°.

Five-componentforcedataarepresented,andtheexperimentalvalues
offlaplift,rolling-moment,andpitching-momenteffectivenesssre
compsredwiththeory. .

COEFFICIENTSANDSYMBOLS

Alldataarepresentedwithrespectto thewindaxes.

CL

‘%

()liftcoefficient*

dragcoefficient
()
Drag
~

pitching-mane@coefficient
(
Pitchingmomentabout0.55

qsc. )

Czgross grossrolling-momentcoefficient”-” .

(

9
Rollingmomentofthesemispanwing

2qsb )

.+,.-
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grossyawing-momentcoefficient

(
Yawingmomentof thesemispamwin

2qSb ‘)

rolling-momentcoefficient
(
c~ - cl
gross

)wo=(~+o)

incrementin coefficientdueto

incrementinpressure

free-stresmdynsmicpressure

control-surfacedeflection

exposedsemispan

meanaerodynamic

localwingchord

wingsrea(10.00sqin.)

chordof exposedwingarea(3.13in.)

localcontrol-surfacechord

twicedistancefromwingroottowingtip(8.13in.)

control-surfacespan

spanwiselocationof inboardendof controlsurface

angleofattackrelativeto fYee-streamdirection

control-surfacedeflectionmeasuredina planenormalto
hingeMe (positivewithtrailingedgedeflecteddown)

Reynoldsnumberbasedon 6

()

&L
rateof changein liftcoefficientwithangleof attackz

rateof chsngein liftcoefficientwithcontrol-surface

()ac~
deflection

w

rateof chsmgeinpitching-momentcoefficientwithcontrol-

()acm
‘Urface‘eflectiOn%-“

rateof changeinrolling-moment

‘Wface‘ef’ection(-=k

coefficientwithcontrol-
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MODELANDTESTS .. .-
*

Model.

A photographofthesemispsmwingandthehalf-fuselageinstalled
in thetestsectionis showninfigure1. Thegebmet~oftheconfigu-
rationispresentedinfigure2 (thefuselageordinates~”arethesameas
thosepresentedinfig.3). Thewingwasunsweptatthemidchordline
andhada taperratioof0.625tidanaspectratioof 2~’5,basedonthe
wingarea(13.12sqin.)whichincludedthatportionofthewingenclosed
bythefuselage.The30-percent-chordwedge-shapedleadingandtrailing
edgeshadincludedwedgeanglesof 11.43°measuredstreetwise.The , .
center40percentofthewingchordhada constant6-pe>cent-chord
thickness. -

. —
-

—
. —

.—

--

Flapconfigurationsincluded25-,35-,and45-perceit-chordplain -

flaps.Theflapsextendedfromthefuselageintersectionat0:2$
“P..

to0.9$ andweredividedintothreeequal0.2$ segments.‘These ..—-.
segmentsweredeflectedseparatelyandin combtiationswhichgaveflap v“
spansequalto25,50,andn percentofthewingEemispan.Forthetwo-
lsrger-spanflaps,thegapsbetweenincrementsweresealedandfaired
toprovidecontinuousspsns.Ehallgroovesweremachinedinthewing
attheflaphingelines,therebypermittingdeflectionoftheflaps
aboutenaxiswhichlaynesrthelowersurfaceofthewing. (Seefig.2.) .
Deflectionsweremadefrom0°to 15°andweremeasurednormaltothe
hingeline.

-.-.

Thereferenceaxisofthewingusedintheinvestigationwas
displacedfromthereferenceaxisofthefuselagetoprovideanexposed
wingspanthatwouldconformwiththatof a
gatedatlowspeeds.

Tests

configuration
-.
beinginvesti-..=-_, =.

—

—.
Thepresenttestswereconductedinthe.Langley9-‘by’12-inchsuper-

sonicblowdowntunnel,whichisofthenonreturntypeutilizingthe
exhaustairoftheLangley19-footpressuretunnel.The.absolutepressure ‘

oftheinletairIsapproximately~ atmospheresandcontainsabout

0.3percentofwaterby
Possiblefactorsinthe
aerodynamicresultsare

- --- .=.. a

weight.Thefree-streamMachn~ber is 1.9.
air-flowcharacteristicswhichmightaffectthe .
discussedinreference2.

. .
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.
ThedynsmicpressureandthetestReynoldsnumberdecreasedabout

3.5Percmtduringthecourseofeachrunbecauseofthedecreasing
pressureof theinletair. Theaveragedynamicpressureforthesetests
was11.5poundspersquareinch,andtheaverageReynoldsnumber
was2.3x 106.

Theaerodynamiccharacteristicsofthetingweredeterminedthrough
a rsmgeof flapdeflectionsfromOo to 150forthevsriousflapconfigu-
rations.Thesngle-of-attackrangeinvestigatedvariedfrom-20to 4°.
Five-componentforcemeasurementswereobtainedonthewingtestedin
thepresenceof,butnotattachedto,a half-fuselage.Becauseofbalance
deflectionsunderload,a smallgapofapproximately0.015inchwas
maintainedbetweenmodelandfuselageundertheno-loadcondition.

TESTTECIWCQUE

Inthetestsrrs.ngementused,thesemispsmtingmodelis cati-
. leveredfroma strain-gagebalancewhichmountsflushwiththetunnel

wallandrotateswiththemodelthroughthesngle-of-attackrsmge.The
half-fuselageisattachedto thehousingofthebalancesystem,thusd permittingthewingtobe testedinthepresenceof,butnotattachedto,
thefuselage.

Theinitialprogramindevelopingsm acceptabletechniquefor
testingsemispsnmodelsinthistunnelwasreportedinreference2. It
wasfoundthatshimminga half-fuselageawayfromthetunnelwallnot
onlyminimizedwall-boundary-layereffectsoverthefuselagebutalso
broughtthe.pressuredistributionoverthefuselageinbetteragreement
withthatmeasuredovera completefuselagemountedinthecenterofthe
tunnel.

Itwasbe~evedthata moreexactmess of evaluatingthewall-
mountingtechniquewouldbe to investigatetheloadingcsrriedon a
liftingsurfaceinthevicinityofthewing-fuselage~uncture.Accord-
ingly,additionaldevelopmentworkhasbeencsrriedoutwherebythe.
pressuredistributionhasbeenmeasuredon a two-dimensionalairfoil
extendingthrougha fuselage.To obtaina basisforcomparison,data
werefirstobtainedwiththefuselagemountedinthecenterofthetunnel
(fig.3).Forthisarrangementtherewasno gap(closeslidingfit)
betweentheairfoilandfuselage.Thefuselagewasthensplitand
mountedas a half-fuselageonthetumnelwallinapproximatelythessme
arrangementasusedintheforcetests(shimmedout0.25inchwitha
0.020-inchclesrancegaparoundtheairfoil).Thesurveyairfoilhad

. double-wedgesectionsandfivepressureorificesonboththeupperand
lowersurfaces.Itwasso arrangedasto allowspanwisemovement
throughthefuselage..
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Theresultsofthesesurveytestsarepyesentec”iq.figures~(a)
andk(b)foranglesofattackof0° andk“,”respectivel.y.

—.
Pressure

measurementspresentedarefortheregionswhichwerenotinfluencedby
theMachconeemanatingfromtheairfoiltiporby thewall-reflected
Machconefromthefuselagenose.‘(Pressure%easuremerit&ontheairfoil
madeonbothsidesofthe”fuselagemountedinthecenterof thetunnel
indicatedno appreciableeffectsofthefiselagesupportstrut.)

Qualitativeexaminationofthedataoffiguresh(a]”andk(b)shows
that$heairfoilpressuresmeasuredforthetwofuselagearrangements
wereingoodagreement.However,theuseoftheshimmedwall-mounted
fuselagewitha gapsround theairfoilcausedsmalldeviationsto occur
inthepressuresfora distsmceofabout1 inchimmediatelyoutsidethe
fuselageandneartheairfoiltrailingedge.Thiswasprobablya result
ofgapeffects“ontheboundarylayernearthe.wing-fuse”~agejmcturem
Becauseoftheseflowdisturbancesnearthesurfaceof~hefuselage,it
wouldbe expectedthattheresultsoftestswithinboardcontrolswould
notbe soreliableastheresultsoftestswithcontrolslocatedfarther
outboard..

Itwasalsoevidentthatthefuselagegapallowed~omeairloading
tobe carriedovertheunexposedportionoftheairfoil:Althoughthis
gapeffectwasnotconsideredsignificantfortherangeof anglesof
attackofthepresenttests,thedataindicatethatsuchloadscould
producesignificanteffectsonthedataobtairiedby thistechniqueat
greateremglesof incidence.

*
. ---

—-.

___

.
—

:-

.
‘

...
.& .:

ACCURACY :

Free-streamMachnumberhasbeencalibratedat 1.90+ 0.02. This -
Machnumberwasusedindeterminingdynsmicpressure.Calibration.of
thetunnel-clesrconditionindicatedthat-staticpresstievariedabout._ .
+1.5prcentinthetest-sectionregion. —. .=

No tarecorrectionshavebeenappliedto gnyofthedatayresented. ~ .=
As shownby theout-of-trimconditionsof fighre5, som=-errorsexisted
intheabsolutemeasurementofthedata. Snallererrors,however,
existedinthemeasurementsoftestpointsrelativeto eachotherand

.

.
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themagnitudesoftheseerrors,whichindicatetheaccuracyofthecross
‘plots,srebelievedtobe ofthefollowingorder:

Vsriable
4/q .........-*..*.* .“.””””””””””
a, degrees. . . . . . . . . . . . . .“.. . . . . . . . . .
b,degrees. . . . . . . . . . . . . . . . . . . . . . . . .
cl . . . . . . . . . . . . . . . . . . . . . . . . . . ..*
CL . . . . . . . . . . . . . . . . . . . . . . . ... . . . .
CD . . . . . . . . . . . . . . . . . .“.. . . . . . . . . .
cm”.”””””””..””””””””” ““”””””””
c~ . . . . . . . . ... . . . . . . . . . . . . . . . . . . .

Error
+0.002
#1.05
@lo
*0.001
*0.005
*0.001
@.oo2
+0.0002

‘I?.rlstinthesurveyairfoildueto inaccuraciesinfabrication
causeda variationin angleof attack.thatamountedto lessth~ *0.2°.

ApConsideringthisvariation,theabsolutevaluesof ~ arebelievedto

be accurateto ti.01.

RESULTS

Completetestdataforthewingwith25-percent-chordflapsare
presentedinfigures5 to 9 wheretheaerodynamiccoefficientsare
plottedagainstangleof attackforthevariousconfigurations.These
plotswe representativeoftheexperimentaldata;therefore,the
correspondingplotsforthe35-and45-percent-chordflapsareomitted.
Displacementof thecurvesforthebasicwing(flapsneutral)presented
infigures5(a)and5(c)isbelievedto havebeencausedbymodel
misalinementandslightchangesinthewing-fuselageincidenceresulting
fromvariationsinthetestsetups.Therefore,whenchsngesinthesetups
werenecessary,additionalbasicwingtestsweremadeandusedforthe
subsequentseriesoftests.

Crossplotsofthebasicdataarepresentedin figures10to 13in
whichthecoefficientssreplottedagainstflapdeflectionat zerosngle
ofattack.Symbolswereusedintheseplotsto showclearlythetrendsof
theaerodynamiccoefficientssmdthepointstslcenfromtheunpresented

bf yf Cf
data.Additionalcrossplotsof %5 against~ ~J snd ~ and

bf c-f
of c%5 agatist~ ‘d T srepresentedinfigures14to 16.

Theexperimentalandcalculatedtheoreticalresultssresummarized
intableI. Thetheoreticalresultswerecalculatedby themethod
describedinreferences3 and4.

.
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Wing

Theexperimentalvalueof

DISCUSSION .- .—.

Characteristics -,.

cLa forthewing”was>bout0.0425 . ..-

(fig.6(a)) as”comparedwiththetheoreticalvalueof0.0445calculated
bythemethodde~cribedinreference3 witha correctionforfuselageL .-

upwashappliedusingthemethoddescribedinreference””5.From
.=

figure5(a),thera~eofchsmgeof-Cz=os~:-withang~eofattackwas ““–-– :
‘J —T

equalto about0.0056.Thetheoreticalvalue,obtainedbyusingrefer- ‘.
ences3 and5 was0.0057.Theminimumdragcoefficientforthewingin L ,=
thepresenceofthefuselagewasabout0.019(fig.7(a)).Basedon the
experimentalliftandpitching-momentdata,thechordwiselocationof
thecenterofpressurewascalculatedtobe-about8 p~centofthe.wing ,..-..

meanaerodynamicchordaheadofthecenterof ties. .-
*

FlapCharacteristics —

Rollingmoment.-Figure5 showsthat,forthesma~langle-of-attack
rangecovered,therollingeffectivenessof.~heflapsyasindependent
ofangleof attack,Thevaluesof therolling-momentcoefficient
obtainedfromfigure10variedlinearlyforeachflap‘throughoutthe
deflectionrangeandwereapproximatelyadditivefort%eindividualflap
spans. Thedataof figure14 showa decreaseinthev&iueoftherolMng-
effectivenesspuaneter cl~ withinboardmovementof-aconstant-spar-”““
flap.Therewasalsoa,decreaseintherateof chsnge”--ofC16 with

--—
—

spanasthespandecreasedfora givenvalue”ofthesp_mwise-location —
—

Yf —. .—

‘=meter b~” Thisdecreasefollowsthes&e trends~evidencedinthe_.,..... .:...
changeinflaparea”moments(abouttherolling-momentreferenceaxis)
withflapspan.Thedataoffigure15indicatea slightincreaseinthe “
rateof chsngeof %6 withflapchordasthechordincreased.A study

oftableI showsthat,forthiswing-flapar~angement@ a Machnumber
of1.9,thetheoreticaleffectivenessvaluesarenotappreciablyaffechd
by flowconditionsattheflapends,since~“oreachflapchordthe .
summationofthetheoreticalvaluesof Czb forvsriouacombinations
oftheflap-spanse~entsagreewithin1“per~centwithMe valuecalculated_
forflapsdeflectedasa unit. Summationofexperimentalvalues,however,
didnotagreeaswellanddetiiatedasmuchas 10percerit.Thislackof’
agreementindicatesthatsinglespanwiseeff’activeness.curvesforQ given.“
flapchordwouldnbtbe completelyaccurate.(Seefig.””lb(b).) Thetrends
predictedby theory(figs.lk(a),lb(b),and15)agreedqualitativelywith

..-

.
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thosenotedexperimentally;“however,formostarrangementsthetheo-
reticalvaluesofCzb(tableI(a))werefrom10to 30percenthigher

thanexperiment.Thesetheoreticalvaluespossiblysrehigheras a
resultofthetheoreticalassumptionsofunseparatedflowonthemodel
andno gapleakageattheendsof thedeflectedflaps.Theresults
forthe25-percent-spanflapslocatedadjacentto thefuselagewerean
exceptioninthatthetheoreticaleffectivenesssometimesfellbelow
themeasuredeffectiveness,andthisdifferenceincreasedasthechord
increased.Thisresultwasattributedto limitationsoftheorywhich
didnotconsidertheincreasedrateof flownesrthefuselage(illustrated
inthepressure-distributiondataof fig.4).

Liftandpitchingmoment.-Lifteffectivenesswasconstantthrough
theangle-of-attackrange(fig.6). Inviewoftheestimatedaccuracy
ofthedatain.figure11,onlyonecurvewasfairedthroughthepoints
obtainedfora givenspanflaplocatedatvariousspanwisepositions.
Figure11 showsthattheincrementsinliftcoefficientcausedhyflap
deflectionvsriedlinesrlywithflapdeflectionthroughoutthedeflection

. rangeandwereaboutadditiveforcombinationsof theflap-spansegments.
Thedataof figure16 indicatethatthelift-effectivenessparsmetercL~

● wasapproximatelya linearfunctionof flapspsnandthatsn increase
generallyoccurredintherateof changeof c~ withflapchordas

thechordincreased.Theresultsshowthat,fora givenincreasein
flaparea,increasingtheflapchordratherthanthespanwouldprovide
a slightlygreatervalueof CL5. Theorypredictedaboutthescuae

trendsas indicatedby theexperimentalresults,althoughthetheoretical
valuesof C% (tableI(b))rangedfromO to 30percenthigherthan .—

experiment.

Deflectingtheflapsshiftedthepositionof thepitching-moment
curvesin a negativedirection(fig.8)butdidnotaltertheslope.
Thedataof figure12(b)indicateda linearvariationofpitchingmoment
withflapdeflection.Thetheoreticalvaluesofthepitching-moment
psrameterC% (tableI(c))werefromO to 30percenthigherthan

experimentalresults,exceptforsomeinbosrd-flapconfigurationswhere
theoreticaleffectivenesswasshowntobe toolow. Thesedifferences
wereprobablyduetotheflow-fieldcharacteristicsnearthefuselageas
discussedinthesectiononrollingmoment.

CONCLUSIONS

IlromtestsintheLangley9- by 12-inchsupersonicblowdowntunnel
at a Mach!mxnberof 1.9to determinetheeffectsof sizesmdlocation
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“ofplainflapson anunsweptlow-aspect-ratio-wing,the-’-following
conclusionsmaybe drawn: -.

1.Thevaluesoftherolling-mornent-coefficientv~ied linearly -
withflapdeflectionandwereaboutadditiveforthev&iousflap
configurations.Therateof changeintherolling-effectivenessparsm-
eter Cz= withflapspan,broughtaboutby progressiveremovalofthe

u
outboardendoftheflap,decreasedslightlyasthesup=decreased.A
slightincreasewasnotedintherateof changeof %6 withflapchor~

asthechordincreased.

2.Theincrementsin liftcoefficientcausedby flapdeflection”
variedlinearlywithflapdeflectionthroughoutthedeflectionrange
andwereapproximatelyadditiveforadjacentflap-spag~egments.Lift -
effectivenessvariedlinearlywithflapspan;“however,M increasein ‘“..
therateof changeof effectivenesswithflap-chordwasnotedasthe ~-” __
chordincre~ed.

3. Theorypredictedqualitativelythetrendsincontroleffective-
nesscharacteristicsas influencedby flapdeflectlonjsize>~d loc@~oUt ...
Calculatedeffectivenessvalueswerehigherthantheex~erimentalresults
by 10to 30percentforrollingmomentandO to 30percentforlift .. ‘ - ‘“=
andpitchingmoment,exceptforflapshaving“seaslocatedadjacentto _ .
thefuselage.Forsuchconfigurations,thecalculatedeffectiveness
sometimesfellbelowexperiment,probablybecausetheorydid.not __
considertheincreasedrateofflownearthefiselage.“-

LangleyAeronauticalLaboratory
.-

NationalAdvisoryCommittee.forAeronautics
LangleyAirForceBase,Va.
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TARLEI
P
m

Flap span
(percentb/2)

,,,

75

25

EOEUMKWAL AND CAIL!UI.WEOFLAFCRARACTERISITICSOF A

WINGMDKL A!CA MACHNOMHE3OF 1.9

(a)Rolllng-effectlvenefisparameter,c18

Locationof inboard

L

Cf I c-r I Cf
endof flap — . 0.25 — . 0.35 E o.lk5
(percentb/2)

c c T I

m.

20 o.oOoa7

45 .00066
:!

xl
I

.OCOM

45 I .C0029

20 .03018

zCalc.EXP.

O.(N31O4 0,00124

.00083 .Ooloh

.cOo58 .00070

*

.0q046 .ocm56

.CQ037 .0004-4

.Wo21 .m32

Cal-c. m. Calc.

0.00153 0.00180 0.00207

.00123 .Qtpkl .fxp6’3

.00085 .Oooyj .Ooll.’r

.00069 .00079 .Q3094

.00054 .00062 .cOo74

.o@331 .0004-4 .Q3040

r“>
,,. 1!1 I,, .,,. i, l;, i,



,

(pi2%n:py2.)

75

w

‘a

lABLEI

K?HWWWAL AND CAJJ2ULATE0FLAP CIIAMCTBFUSIICSOF A

U13WMODELAT A MACH MUME@ROF 1.9 - Continued

(b)L.Mk-effectivenessparameter, C%

I
Locationof inboard

end of flap
(percentb/2)

E

45 .0040 .0048

m .0040 .0051

70 .0021 .0023

45 .0021 .0026

Cf I =f.—=O.yi
c

— = 0.45
c

w. Cdc . MP. Calc.

0.0104 0.0109 0.0136 0.0145

.0064 .0072 .0ca9 .00$$

.0064 .0075 .008-9 .01Q3

.0032 .0034 .0046 .(xI46

.0032 .009 .c046 .0352

20 .0Q21 .0026 .c032 .0037 .0046 .(X)47

=s=

1●



TABLEI

Flap span
(percentb/2)

75

25

EXPERIMENTAL Mill CMCULNED FLAPCHARAC!CERIMZC9OF A

WllWMODELAT A MACHNUMBEROF 1.9 - Concluded

(c)Pitching-mcmentparameter,
%

I

Locationof inboard
end of fla “

?(percentb 2)

%

Cf Cf Cf
— .0.25 ~ = 0.35 = 0.45
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